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Research on person categorization suggests that people automatically and inﬂexibly
categorize others according to group memberships, such as race. Consistent with this
view, research using electroencephalography (EEG) has found that White participants tend
to show an early difference in processing Black versus White faces. Yet, new research has
shown that these ostensibly automatic biases may not be as inevitable as once thought
and that motivational inﬂuences may be able to eliminate these biases. It is unclear,
however, whether motivational inﬂuences shape the initial biases or whether these biases
can only be modulated by later, controlled processes. Using EEG to examine the time
course of biased processing, we manipulated approach and avoidance motivational states
by having participants pull or push a joystick, respectively, while viewing White or Black
faces. Consistent with previous work on own-race bias, we observed a greater P100
response to White than Black faces; however, this racial bias was attenuated in the
approach condition. These data suggest that rapid social perception may be ﬂexible and
can be modulated by motivational states.
Keywords: race, ERP , P100, social perception, face perception, motivation, approach
INTRODUCTION
People often perceive others according to their race, gender,
or other social category membership (Brewer, 1988; Fiske and
Neuberg, 1990). This process of social categorization provides an
efﬁcientwaytounderstandothersandguidesthe direction oflim-
ited attentional and cognitive resources. In the past few decades,
social psychologists have found extensive evidence that social cat-
egorization can occur rapidly and without intention, effort, or
conscious control, triggering stereotypes (Devine, 1989), preju-
dice (Fazio et al., 1995), and ultimately, discrimination (Dovidio
et al., 1997). Several dual-process models of person perception
have proposed that processing others according to social category
membership is the initial stage in person perception, and that
only sufﬁciently motivated perceivers individuate targets or cor-
rect for initial categorical judgments in a later stage (e.g., Brewer,
1988; Devine, 1989; Fiske and Neuberg, 1990). However, while
there isevidencethatsocialcategoriesinﬂuencetheearliestphases
of social perception, others have argued that the initial inﬂu-
ence of social categories may not be inevitable (see Van Bavel
and Cunningham, 2011 for a discussion). The current paper uti-
lizes electroencephalography (EEG) to examine the malleability
of early perceptual processes in social categorization during the
ﬁrst few 100ms of face perception.
Several recent studies using event-related potentials (ERPs),
which offerprecise information aboutthe timing ofdifferent cog-
nitive processes as they unfold online, have shown that social
categories can inﬂuence perceptual processing very quickly (Ito
and Cacioppo, 2000; Smith et al., 2003; Ito et al., 2007). People
differentially process own-race and other-race faces within a few
100ms of stimulus presentation (see Ito and Bartholow, 2009 for
a review). For instance, target race can modulate ERPs to faces as
early as 122ms after face onset (Ito and Urland, 2003). Moreover,
these racial biases in perceptual processing persist even when par-
ticipants attend to another dimension of social categorization
(e.g., gender; Ito and Urland, 2003) or attempt to individuate
the faces (Ito and Urland, 2005). Consistent with most dual-
process models of person perception, these results have led some
researcherstoconcludethatracialbiasesin“automaticattentional
allocation cannot be inhibited” except under conditions of per-
ceptual load (Ito et al., 2007, p. 410) or later during subsequent
controlled processing (e.g., Devine, 1989).
In contrast, recent developments in the cognitive and neu-
ral sciences suggest that human information processing is better
characterized in terms of dynamical system models, rather than
dual-process models (see Dehaenea et al., 2006; Cunningham
and Zelazo, 2007; Van Bavel et al., in press for recent reviews).
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In a dynamical systems approach, what have generally been con-
sidered to be inevitable automatic responses may be inﬂuenced
by top-down processes. For example, the Iterative Reprocessing
(IR) Model (Cunningham and Zelazo, 2007; Cunningham et al.,
2007),arguesthatasharpdistinction between automaticandcon-
trolled processes is not accurate (see also Freeman and Ambady,
2011). Instead, the IR Model suggests that goals and contextual
features can shape the computations in brain regions involved in
ostensibly automatic processes. As such, automatic responses—
even those occurring within 100–200ms of stimulus onset—may
be shaped by the goals or motivations of the perceiver.
Indeed, several behavioral studies have shown that goals or
contextual factors can diminish the automatic activation of atti-
tudes and stereotypes suggesting that automatic biases in social
categorizationarenotinevitable(seeBlair,2002 forareview). For
example, in a pair of recent studies, people who were assigned to
a mixed-race team had relatively positive automatic evaluations
toward in-group members on a response-window priming task,
regardlessoftheirrace,whereaspeoplewhowerenotassignedtoa
mixed-raceteam hadmorepositive automaticevaluationstoward
own-race versus other-race faces (Van Bavel and Cunningham,
2009).However,becausethese studies onlycapturethe behavioral
consequences ofperceptual andcognitive processing, it isdifﬁcult
to determine the time course of these processes. It is, therefore,
unclear whether these manipulations affected initial responses
to social categories, altered underlying stereotypic or evalua-
tive associations, or produced controlled processes to correct for
initial biases (see Conrey et al., 2005).
Thecurrentstudywasdesignedtodetermineifrapidresponses
to members of different social categories can be modulated by
relatively transient, motivational states. Prior research has shown
that a variety of motivational states, such as approach/avoidance,
can affect perception and attention (e.g., Cacioppo et al., 1993a;
Crites and Cacioppo, 1996; Fazio et al., 2000; Friedman and
Forster, 2005). For example, non-Black participants who repeat-
edlyusedajoysticktoapproach(versusavoid)Blacktargetstimuli
were subsequently faster to associate the self with Blacks and
showed less racial bias on the Implicit Association Task (Phills
et al., 2011;s e ea l s oAmodio, 2010). Therefore, in order to deter-
mine if motivational processes can modulate automatic social
perception, we placed participants in an approach or avoidant
frame during a person perception task while collecting scalp EEG
data. Speciﬁcally, we examined whether approaching other-race
faces would attenuate racial biases in early perceptual processing.
Although the inﬂuence of social categories during person per-
ception is widely distributed in the brain (see Cunningham and
Van Bavel, 2009), social categories appear, in particular, to inﬂu-
ence very early components of the face processing network (see
Ito and Bartholow, 2009). For instance, the core and extended
face processing network (Kanwisher et al., 1997), including the
fusiform gyri and amygdala, respectively, have been associated
with own-race (Golby et al., 2001; Lieberman et al., 2005)a n d
own-group (Van Bavel et al., 2008, 2011)b i a s e si ns o c i a lp e r c e p -
tion.Althoughtherelationshipbetween speciﬁcbrainregionsand
ERPwavesisnotperfectly precise(see Luck,2005),veryearlyERP
waves,suchastheP100(Bentin etal.,1996)andN170(Herrmann
et al., 2005) appear to subserve early face processing. The P100
is the ﬁrst positive going component and peaks around 100ms
following stimulus presentation with a source generated in the
ventrolateral prestriate cortex (Martinez et al., 1999; Di Russo
et al., 2003). The N170 is a negative going component that peaks
around 170ms after stimulus presentation with a source gener-
ated in the fusiform and inferior-temporal gyri (Halgren et al.,
2000). Several studies have shown differential responses to race
in the N170 (e.g., Ito and Urland, 2005; Herrmann et al., 2007).
For the purposes of the present research, we were interested in
examining whether motivational states might inﬂuence these very
rapid responses to the race of target faces.
If the very early effects of social categories are inevitable,
motivational states induced during person perception should not
affect rapid biases—that is, manipulating an approach/avoidance
frame should have no impact on very early ERP components,
and participants should show racial bias in perceptual process-
ing regardless of motivational state. However,if the earliest effects
of social categories are not inevitable, but are sensitive to cur-
rent motivational states, then biases in early ERP components
may differ depending on whether people are in an approach
versus avoidance frame. Speciﬁcally, we predict that race-based
biases will be attenuated when participants are approaching ver-
sus avoiding social stimuli because social categories are less likely
to be used in person perception in an approach-motivated state.
A person that one approaches is more motivationally relevant
than a person that one avoids, and prior studies have shown
that altering the motivational relevance of social stimuli through
manipulations of processing goals (Cunningham et al., 2008)a n d
group membership (Van Bavel et al., 2008) affects the way that
peopleareperceivedandevaluated.Inparticular,increasingmoti-
vational relevance during person perception seems to increase the
extent to which a target is individuated rather than processed in
terms of a category membership (e.g., Neuberg and Fiske, 1987;
Van Bavel et al., 2011). Thus, if motivational processes can affect
initial social categorization, then putting people in the mindset of
approaching others should alter the immediate processing of race
and attenuate racial bias in early perceptual processing.
MATERIALS AND METHODS
PARTICIPANTS
Fourteen White male undergraduate psychology students from
the University of Toronto completed this study for partial com-
pletion of course credit or $15. All participants gave informed
consent.
EXPERIMENTAL DESIGN
Upon arrival at the lab, participants were informed that they
would be completing an experiment designed to examine the
neural processing underlying social cognition. Participants were
asked to respond to the presentation of faces with a joystick as
quickly as possible. The experiment employed a block design in
which participants approached or avoided blocks of three faces
presented in succession. To simulate approach and avoidance
toward the faces, participants pulled or pushed a joystick at the
onset of eachface (Cacioppoet al.,1993b; Kawakamiet al.,2007).
At the start of each block an instruction screen appeared for 2s.
During the approach blocks, this instruction screen indicated
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that participants should “pull each face toward” them. During
the avoidance blocks, this instruction screen indicated that par-
ticipants should “push each face away” from them. Twenty-four
faces of Black or White college-aged males were presented ran-
domlyduringtheblocks(takenfromVanBavelandCunningham,
2009). Faces were cropped to include only the faces and neck,
but included hair. None of the faces had facial hair. Faces were
fully counterbalanced across conditions to ensure that interac-
tive effects with condition could not be attributed to low-level
features of the stimuli. Participants saw four runs of 16 blocks
of three trials each for a total of 192 trials (48 trials per con-
dition). In each block, three faces were presented for 1s each,
and 3s of ﬁxation separated each face. To create and maintain
a motivational mental set, two runs included approach blocks
and two runs included avoid blocks (randomized within partic-
ipants). To minimize blink artifacts during experimental trials,
runs were separated by a 12s rest period and participants were
encouraged to blink during this period rather than during the
task. Further, between each set of three faces, participants were
instructed to blink if necessary during this period. Scalp elec-
troencephalographic data were acquired with a 128-channel ANT
system (Advanced Neuro Technology, Netherlands) using a 64-
channel acquisition setup, sampled at 512Hz, using an average
reference, digitally ﬁltered off-line with a 1–15Hz bandpass ﬁlter.
RESULTS
After deleting trials with noncephalic artifacts usingBESA default
settings1 (MEGIS Software, Germany), each participant’s trials
were aggregated based on trial type. On average, 86% of trials
were retained. For each participant, trials in each the four stimu-
lus conditions (Black-Pull, Black-Push, White-Pull, White-Push)
were averaged to create grand average waveforms for each elec-
trode, as well as a grand average aggregating across all trials. The
100ms period prior to stimulus presentation was used as base-
line for averaging. Because EEG data is not independent, a source
modeling analysis was run on the average waveform in order
to characterize the whole brain signal (see Smith et al., 2003),
using the full time series for the epoch and all of the electrodes
as input using BESA 5.2. The average waveform was used for
source modeling to avoidbiasingthe results towardany particular
condition.
The resulting PCA indicated that one latent source centered
in the right occipito-temporal cortex accounted for 90.2% of the
observed variance (see Figure1A). The occipito-temporal cor-
tex plays a key role in face processing (Kanwisher et al., 1997)
and this region has been associated with own-race (Golby et al.,
2001; Lieberman et al., 2005) and own-group (Van Bavel et al.,
2008, 2011) biases in social perception. An additional LORETA
source analysis replicated this localization to the right fusiform
gyrus (see Figure1B). Plotting the latent time courses, we found
that this latent variableincludedboth the P100 andN170 compo-
nents typically found in studies of attention and face processing
for each of the four experimental conditions (Figure2). These
results are consistent with previous studies that have shown the
1Trials that had amplitude or gradient shifts larger than 120 and 75μV,
respectively, were excluded from analysis.
FIGURE 1 | (A) Localization of BESA Dipole modeling for latent variable.
(B) LORETA source modeling result for latent variable.
P100 (Bentin et al., 1996) and N170 may be associated with pro-
cessing in the fusiform gyrus (Herrmann et al., 2005). Therefore,
in order to test our hypotheses, we analyzed these waveforms as a
function of target race and motivational condition.
If the early effects of social categories such as race are
inevitable, there should only be a main effect of race on early
ERP waveforms (Ito et al., 2007), regardless of motivational state.
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FIGURE 2 | Latent time courses for Black and White faces in the Pull and Push conditions. Because these values are projected from latent space, values
on the y axis are scaled in arbitrary units with respect to underlying microvolts.
However, if early processes in person perception are malleable,
there should be an interaction between race and motivational
state, such that any pattern of racial bias in the avoidance blocks
should be attenuated in the approach blocks. To examine this
hypothesis, we back projected the latent variable to create indi-
vidual scores for each participant for each trial type. These scores
w e r es ubj e c t e dt oa2( rac e :B l ac k,W h i t e )× 2 (motivational state:
approach, avoid) ANOVA. Separate analyses were conducted for
the P100 (mean amplitude between 90 and 110ms) and N170
(mean amplitude between 135 and 200ms) components of the
waveform.
Consistent with the prior evidence that people show racial
bias during early perceptual process, White faces were associated
with a larger P100 than Black faces, [F(1,13) = 12.68, p < 0.01,
partial η2 = 0.49] (see Figure3). This pattern replicates previ-
ous research showing an own-race bias during very automatic
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FIGURE 3 | Mean amplitudes for the P100 for Black and White faces in
the Pull and Push conditions.
facial processing (e.g., Ito et al., 2004). Importantly, this own-
race effect was qualiﬁed by a race × motivational state interac-
tion, [F(1,13) = 4.32, p = 0.05, partial η2 = 0.25]. Simple effects
indicated that the own-race effect was signiﬁcant for the avoid
blocks, [F(1,13) = 12.51, p < 0.01], but not the approach blocks,
[F(1,13) = 4.07, p = 0.07]. Moreover, a contrast pitting all other
conditions versus the Black-Push condition (1, 1, 1, −3) was sig-
niﬁcant, [F(1,13) = 10.66, p = 0.01]. These results are consistent
with the suggestion that approach oriented motivational states
can alter the inﬂuence of social categories—even during the ﬁrst
100msofperceptualprocessing.WhenconsideringthelaterN170
component, there was no main effect of race, [F(1,13) = 1.25,
p = 0.28, partial η2 = 0.09], nor was there a race × motivational
state interaction, [F(1,13) = 0.62, p = 0.45, partial η2 = 0.05].
Secondary analyses were run using the raw data rather than
the latent variable. For these analyses, we averaged data from
the right and left occipital electrodes to create two waveforms of
interest2.TheP100andthe N170meanamplitudeswereextracted
from the subject level grand averages using the same time win-
dows as above and were subjected to a 2 (race: Black, White)
× 2 (motivational state: approach, avoid) × 2 (laterality: right,
left occipital electrodes) ANOVA. Replicating the results from
the latent variable analysis, we found a main effect of race,
[F(1,13) = 9.20, p < 0.01], and a race × motivational state inter-
action, [F(1,13) = 9.00, p < 0.01], for the P100 component.
Speciﬁcally, the P100 difference between Black and White faces
was larger for the avoid blocks (MWhite = 2.68; MBlack = 1.22)
than the approach blocks (MWhite = 2.04; MBlack = 1.58). There
were no signiﬁcant laterality interactions. Unlike the latent vari-
able analysis, we did ﬁnd a race × motivational state for the
N170 [F(1,13) = 5.91, p < 0.03]. This analysis suggested that
there was a larger N170 response to Black faces than White
2Separate averages were creates from P7, P3, O1, P5, P1, P6, PO5, PO7 and
P4, P8. O2, P2, P6, PO4, PO6, PO8.
faces (MWhite =− 1.07; MWhite =− 0.45) for the avoid blocks,
but not the approach blocks (MBlack =− 0.76; MWhite =− 0.75).
However, this effect was not signiﬁcant when controlling for the
P100effects [F(1,13) = 1.55,p = ns].Nosigniﬁcantdifferences in
latency were found for either component.
DISCUSSION
The current research is consistent with the idea that the ear-
liest aspects of social perception are ﬂexible and sensitive to
motivational frames. Putting people in the mindset of approach-
ing others attenuated racial bias in very early perceptual pro-
cessing. Speciﬁcally, when people pushed a joystick away from
themselves—an experimental manipulation designed to induce
an avoidance motivation—they showed an own-race bias, such
that early perceptual processing (as indexed by ERP activity
around 100ms after stimulus onset) was stronger to own-race
thanother-race faces. However,this own-racebiaswasmodulated
by motivational state, such that approaching faces by pulling a
joystick toward oneself reduced the bias in neural activity.
This ﬁnding challenges theories suggesting that early biases
associated with social categorization areinevitable andonlyinter-
rupted bycontrolled processing (e.g., Devine, 1989)orpe r c e pt ual
load (e.g., Ito et al., 2007). These models are difﬁcult to reconcile
with the current results since the P100 occurs much faster than
downstream corrective processes (Amodio et al., 2008), and there
isnoreasonto believethatthetwo conditionsin thecurrentstudy
(approach versus avoid) differ in terms of perceptual demands.
Instead, this research adds to a growing literature demonstrat-
ing that motivational processes can inﬂuence the most automatic
aspects of social perception and evaluation (e.g., Cunningham
et al., 2005; Cunningham and Zelazo, 2007; Amodio, 2010).
Additionally, this research adds to the literature suggesting that
motivational relevance can determine whether top-down pro-
cesses will override automatic, bottom-up perceptual and atten-
tional effects (Cunningham et al., 2008; Van Bavel et al., 2008).
By showing that very early processes in person perception are
sensitive to motivational states, this research demonstrates that
processes once thought to be inevitable may in fact be malleable.
As such, dual-process models of social perception may be unable
to account for the ﬂexibility of automatic social perception and
evaluation (see Cunningham et al., 2007).
Addressing the question of the inevitability of attentional
biases to social categories requires measures that are highly tem-
porally sensitive. Whereas other research has shown that biases
associated with social categorization can be eliminated in a num-
ber of ways, such as by getting people to focus on a different
dimension of categorization (e.g., Van Bavel and Cunningham,
2009), the behavioral methods typically used to measure bias do
n o tp r o v i d es u f ﬁ c i e n ti n f o r m a t i o nt od e t e r m i n ei ft h e s eb i a s e s
are circumvented during early perceptual processing or rapidly
corrected after the fact. By using a measure with exquisite tem-
poral resolution (i.e., EEG), we were able to determine that very
rapid aspects of social categorization are not inevitable and can
be altered by modifying motivational states.
It is important to note that Ito et al. (2007)c o n c l u s i o n
regarding the inevitability of early attentional biases in social
categorizationwasbasedontheN170waveform,whileourresults
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were found for the P100 waveform. Although they likely differ
in important ways, both waveforms are related to early atten-
tional processing (Bentin et al., 1996; Clark and Hilyard, 1996)
as well as face processing (e.g., Liu et al., 2002; Herrmann et al.,
2005). Moreover, a recent study found that people with greater
left alpha asymmetries in the prefrontal cortex—a correlate of
approachmotivation—had differentERPresponsestoBlack(ver-
sus White) faces on the P2, which peaked approximately 170ms
followingstimuluspresentation(Amodio, 2010).Inthatstudy, P2
responses to Black faces were also associated with decreased racial
bias on an implicit measure of racial stereotypes. Together with
the current research, these results suggest that motivation may
helponehavelessprejudicedresponsesbymodulatingperception
(see Balcetis and Dunning, 2006).
CONCLUSION
The current research suggests that very early effects of social
categorization can be modulated before they impact subse-
quent perceptions, evaluations, or behavior. Given that post-
categorizationcontrol often hasnegative sideeffects, likerebound
(Macrae et al., 1994) and depletion (Richeson and Shelton, 2003;
Gordijnetal.,2004), alteringinitial processing ofsocialcategories
by changing motivational states provides a powerful alternative
for changing these biases. While preventing the effects of atten-
tional biases associated with social categorization is not necessar-
ily positive (Trawalter etal., 2008), it doesprovideanopportunity
to overcome ostensibly automatic stereotyping and prejudice.
Knowing which steps in the processing sequence are malleable is
important for understanding what types of interventions will be
successful in preventing the downstream consequences of social
categorization.
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